TITLE OF THE INVENTION 
Direct-Current Motor 

BACKGROUND OF THE INVENTION 

The present invention relates to a direct-current motor. 

in a typical direct-current motor, which has brushes and 
commutators, the brushes and a conunutator change the dir.ctxon 
of current supplied to coils, or commutate the current. . 
However, in many cases, in the last stage of switching, the 
direction of the current is abruptly changed, that is, 
undercoxmnutation occurs. Undercommutation causes the brushes 
to discharge sparks, which produce noise and wears the 
brushes- 

TO prevent undercommutation, commutation is improved by 
displacing the position of each brush in a direction opposite 
to the rotation direction of the rotor relative to the 
circumferential center of the corresponding magnet. 

However, the proper position of each brush varies 
according to the rotation speed of the motor and ^^^^ -"^^ 
through the coil- Therefore, when the rotation speed and the 
coil current change due to a change of load acting on the 
motor, it is difficult to commutate current appropriately- 
radical countermeasure has therefore been wanted. 

Part of each magnet in a typical direct-current motor is 
designed to function as a flux changer. The position of the 
corresponding brush relative to the flux changer influences 
commutation. If the relative position is inappropriate, 
occurrence of sparks will be frequent, which prevents improved 
commutation. Further, the flux changer changes the attraction 
force generated between the magnet and the armature. 
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arriaturs without supplying current to the motor, 
:r,ue (coggm, tor,ue,, i= increased. This produces 

and vibration- 

SUMMAM OF THE mVEimON 

, it is a first objecciv. of the present 
j^ccordrngl,. .t ,^3^ prevents 

invention to ^"^^^I ' ^^l^^Z, each .rush at an appropriate 
sparks from occurring by locati g ^ 
position relative to the corresponding magnet 
magnetic flux changer (weak flux part) . 

. second Objective of the present invention is to provide 
a .IrecHcurrent motor that reduces cogging torgue, thereby 
operating smoothly with low noise. 

TO achieve the foregoing and other objectives and in 
.h the purpose of the present invention, a 
aocerdance with '^'^'/"J ^ includes an 

„ direct-current a plurality of 

armature core, a P^""^^ ^ ^^^^^3. The core has a 

^gnets. a =7"";"; Jt:/; arranged at a pitch of a 
plurality of teeth The ^ 

„.st --"-tf ^erhaving a predetermined number of 
'■^ tirtrlfh located at ^ -^^^1^ 

- the rrirurrcol foraralatLe. .h, 

„m.ture core and -^"^ '"^ 1„ t,^^„een. Each 

magnets face one "/f „^ p„,.,on, a first 
30 magnet includes a -in J-" ' 

"^'r Th first wU flux part is located in the vicinity 

rtr^ortr Of the extended portion -J-Teeth. 
The first weak flux part extends along °" ^^^^ ^^^^^^ 
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,o„a th. rotation direction of th. .^.tur.. Tb« =o».utator 
: n ZZly of sc,».nt.. The se,«e„ts are connected to 

has a plura±i^y ^ The brushes 

-^rtrrru:: ::::: r 3'e;rt:: .rin, 
rrL:::: e.. ... r ::er ^^^^^^^^^^^^ - 

a.r.ct.on °' ^ the advancing end 

tZ. at t.e «st advanced 

rotation direction of the armature, is aligned 
weak fl« part of one of the magnets. 

otn.r .spect. and advantage, of the invention -ill b.cor« 
I the following deacription, taken in conjonctron 
apparent from the following J ^ y,^ <,£ example 

with the accompanying drawings, illustrating 
the principles of the invention. 

BRIEF DESCRIPTIOS OF THE DRAWIBGS 

■-„„.t-h.r with objects and advantages 
The invention, together witn ooj ,„iioMina 
V f mav best be understood by reference to the followihg 
:rrip:iror:he presently preferred e^odiments together 

r Tirrtircrs-recr.; vie. mustrating a 
direcl-^rre:: Hr according to a first e^i^ent of the 
,.esent invention, ^^^^^ cross-sectional vie. illustrating the 
direc ur rent Jor of Fig. 1. when co^utation is started., 
rig" 3 is a graph Showing the racing torgue of the 

-nrn: rrrrLrssr^tlal vie. mustrating > 
direcl'^rrent motor according to a second embodiment of the 

^"'Tig'TtrUrtial cross-sectional vie. illustrating the 
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direct-current motor of Fig. 4, when commutation is started; 

Fig. 6 is a graph showing the racing torque of the 
direct-current motor shown in Fig. 4; 

Fig. 7 is a partial cross-sectional view illustrating a 
5 direct-current motor according to a first modification of the 
direct-current motor shown in Fig. 1; 

Fig 8 is a partial cross-sectional view illustrating a 
direct-current motor according to an alternative modification 
of the direct-current motor shown in Fig. 1; 
10 Fig. 9 is a diagrammatic view showing a magnet according 

to a modification of the embodiments of Figs. 1 to 3, 7 and 8; 
t Fig. 10 is a diagrammatic view showing a magnet according 

S to a first alternative modification of the embodiments of 

IH Figs. 1 to 3, 7 and 8; 

% 15 Fig. 11 is a diagrammatic view showing a magnet according 

1 to a second alternative modification of the embodiments of 

Figs. 1 to 3, 7 and 8; 
h Fig. 12 is a partial cross-sectional view illustrating a 

2 direct-current motor according to a modification of the 
Si 20 embodiment of the motor shown in Fig. 4; 

Q Fig 13(a) is a partial perspective view illustrating a 

^ magnet according to a modified embodiment of the present 

invention; and 

Fig. 13(b) is a partial plan view illustrating the magnet 
25 shown in Fig. 13(a). 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A direct-current motor according to a first embodiment of 
the present invention will now be described with reference to 
the drawings. In this embodiment, the direct-current motor is 
a blower motor 1. Fig. 1 is a partial cross-sectional view 
illustrating the blower motor 1. Fig. 2 is a partial cross- 
sectional view illustrating the blower motor 1, when 
35 commutation is started. 
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AS Shown in Figs. 1 and 2, the blower motor 1 i-^"^" 
two magnets 2, 3, armature 4. and conuautators 5, and a pair 
of brushes 6- 

sp,=ifi=.lLy, .h. blow« motor 1 is a bipolar direct- 
current Botor ..d h« . motor housing yoke 7. The .agn.ts 2 
: „M=b .or. , north pole ana . south po.e ..oe eaoh other 
with the ar,»ture 1 m between. The magnets 2, 3 are 

.. rho t-«7iter of the armature 4. 
svmmetrioal with respect to the center oi t 

T^eflra. for purposes of illustration, the structure related 
5 to th m^ net . will b. described. The armature 4 nclude, a 

0 ILe 8 and coils 5 wound about the core S. To rotate the 

1 armature 4, current is supplied to the coils 9. 

1 " The armature core 8 has teeth 8a, the number o£ which is 

^ 1- ^^^o-ni- Also the number of the coils 9 is 

twelve in this embodiment. Also, 

twelve in this embodiment. Each tooth 8a has a 

, H The tooth bars extend in the circumferential 
" : : ! Tthis embodiment, each consecutive five teet. Sa 

form a group, and --r-.^^^^^^ Lt 

specifically, any one of the teetn »a 

eLncing position in the rotation dir.ctron rn on. of the 

=.T,ri the tooth 8a at the second advancing 
.eeth groups and th t ^^^^^^^^^ ^^^^^ 

'° . oroup xn this manner, each tooth 8a is defined a. 

:Z..., tooth to the most tramng tooth ea. or the 
Trst to fifth tooth 8a. in five consecutive teeth groups. 
Tach coil 9 IS wound about one of the teeth groups. Only one 
Of the coils 9 is shown in Fig. 1. 

The teeth 8a are spaced apart by thirty-degree intervals. 

Therefore, the angle defined by each ^-^^"'[^'J^ 
. 8a or the pitch of the teeth 8a, is 30 . In other 

3. the armatu!. Slot angle e is 30- >30..380-/l.,. This 

- 5 - 
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Winding structure is referred to as distributed winding. 

The co»..t,tor 5 is looted .t on. side of the ax„.ture 4 
„d includes twelve secants 5e. Each segment 5a fcnns a pair 

* ^ „^ =, there are twelve pairs of 

5 with the adjacent segment 5a, and tne 

the segments 5a. The segments 5a in one of the pairs are 
connected to the terminals of the -""^""^^"^ 

„.rtlvely. The brushes 6, which face each other, are urg 
respectively. ai„=t-cnrrent power supply 

to contact the coimutator 5. A direct 
i„ ,not sho«>, supplies direct current to the brushes . The 
flows to the colls 9 through the brushes 6 and the 
current flows to t rotation of the armature 

commutator segments 5a, which starts rotation 
2 , When a pair of adjacent segments 5a contacts one of the 

K brushes 6, a short circuit is established between these 

« brushes 6 ^^^^^ direction of current in 

£ " L : ^e ore the armature 4 continues rotating 

a L: se, or a direction of arrow X in — 

the segments 5a are spaced apart by thirty-degree intervals, 
the current direction through each coil 9 is changed in a 
thirty-degree rotation of the armature 4 - 
brushes 6. That is, commutation of the coils 9 is pertor 
in a thirty-degree rotation of the armature 4. In this 

K „=nt the angle between each adjacent pair of the 
e^diment, the e g ^ ^^^^^^ 

!!h Sa The angle that corresponds to the contacting 
" 1:^::::^ each"brush\ and the segments 5a is egual to the 
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The magnet 2 (3) has a main portion 2a (3a) and an 

ov, fi>.\ The extended portion 2b extends in 
extended portion 2b (3b) . The extena f ^ . 

the a<.-ncing direction, or forward from the mam portion 2, 
With respect to the rotating direction of the armature 4. 

.3 Shown in rig. 1, the 
35 main portion 2. corresponds to a^ angle 5. the relation of 
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which with the angle 9 is represented by the following 
equation. 

6=eX (n-l-(l/2)) . 
the sign n represents the number of the teeth 8a xn one 
teeth group, about which one of the coils 9 is wound 

Therefore, in this embodiment, the angle 6 of the maxn 
portion 2a is represented by the following equation. 
5=30* X (5-1- (1/2)) -105'*. 

The circumferential length of the main portion 2a xs 
determined to correspond to this angle. When the 
Circumferential center of the first tooth 8a in each teeth 
group is aligned with the most advancing end 2d of the maxn 
portion 2a in the rotation direction of the armature 4 as 
Ztn in Pig. 1, the most trailing end 2e of the main portxon 
2a is aligned with the circumferential midpoint between the 
fifth tooth Ba and the fourth tooth 8a in the teeth group. 

The circumferential length of the extended portion 2b 
corresponds to the slot angle 6, or the angle that corresponds 
to the commutation section (the commutation section angle) . 
The radial dimension, which is referred to as thickness in 
this embodiment, of the extended portion 2b gradually 
increases in the circumferential direction. The extended 
portion 2b (3b) has a thin part 2c (3c). That is, the «.gnet 
25 2 has a first wea. flux part, which is the thin part 2c 

between the main portion 2a and the extended portion 2b. ^ In 
this e:.^odiment, the thin part 2c is formed in the extended 
portion 2b. The magnet 2 has the minimum magnetic flux 
deLity at the border between the extended portion 2b and the 
30 main portion 2a. xh. magnetic flux density varies along the 
thin part 2c of the extended portion 2b. 

The relationship between the teeth 8a and the magnet 2 
(3) during commutation will now be described with reference to 

35 Fig. 2. 
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When the advancing end of the bar of the first tooth 8a 
is aligned with the border of the thin part 2c and the main 
portion 2a during rotation of the armature 4 as shown in fxg. 
5 2 one of the brushes 6, which is connected bo one of the 
plirs of the segments 5a, starts contacting the adjacent 
segraent 5a. This starts conouutation of the corresponding co.l 
9 in other words, the bar of the first tooth 8a starts 
contacting the thin part 2c at the moment when conunutation of 
10 the brush 6 is started. 

When the armature 4 rotates by a certain angle from the 
state of Fig. 2 and reaches the state of Fig. 1, and one of 
the pairs of the segments 5a contacts one of the brushes 6 in 
the substantially same areas, the flowing direction of current 
through the coil 9 is changed. At this time, the most 
advancing end 2d of the main portion 2a is aligned with the 
Circumferential center of the first tooth 8a, and the most 
trailing end 2e is aligned with the circumferential -^^^--^ 
20 between the fifth tooth 8a and the fourth tooth Sa- when the 
armature 4 further rotates by a certain angle from the state 
of Fig. 1, commutation is suspended. The section angle of 
commutation is therefore thirty-degree angle. 

A part of the extended portion 2b that faces the core 8, 
or the thin part 2c, gradually increases the thickness, in the 
co««.utation section angle. Therefore, the amount of magnetic 
flux passing through each coil 9 during commutation gradually 
increases as the armature 4 rotates. The rate of increase of ^ 
30 the flux amount also gradually increases. Since the amount of 
flux through the coil 9 changes, the voltage induced xn the 
coil 9 is small at first and is gradually increased 
negatively. The induced voltage cancels the reactance 
voltage. This decreases undercommutation. 
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Fig. 3 shows a change (cogging torque ATI) of the racing 
torque T when the armature 4 rotates by one slot (thirty 
degree) from the position at which conanutation of one of the 
coils 9 is started. In this embodiment, when commutatxon of 

5 one of the coils 9 is started, the most trailing end 2e of the 
main portion 2a is located at the circumferential midpoint of 
the fifth tooth 8a and the fourth tooth 8a. Therefore, the 
cogging torque ATI is reduced, as shown in Fig. 3. The 
cogging torque ATI is smaller than that of the prior art by 

10 83%. 

As described above, this embodiment has the following 
advantages- 

(1) At the beginning of commutation, the distal end of 
the first tooth 8a is aligned with the first weak flux part 
(thin part 2c). In other words, the positions of the brushes 
6 are determined such that each brush 6 forms a short circuxt 
in one of the pairs of the segments 5a when the advancing end 
of the bar of the first tooth 8a is aligned with the first 
weak flux part 2c. 

Therefore, the positions of the brushes 6 are appropriate 
relative to the magnet 2, which include the first weak flux 
part 2c. This permits commutation to be reliably performed 
and prevents sparks. 

(2) The circumferential length of the main portion 2a 
corresponds to th^ angle 6 (6=105=) so that the most trailing 
end 2e of the main portion 2a is aligned with the 
circumferential midpoint of the fifth tooth 8a and the fourth 
tooth 8a when the first tooth 8a is aligned with the most 
advancing end 2d of the main portion 2a. 

35 When commutation, of each coil 9 is started, the most 
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trailing end 2e of the main portion 2a is most spaced apart 
from the circumferential center of the fifth tooth 8a. Thus, 
compared to the prior art, the cogging torque ATI of the 
blower motor 1 is significantly decreased. As a result, the 
blower motor 1 operates smoothly with low noise. 

(3) The cogging torque ATI is decreased by simply 
changing the circumferential length of the main portion 2a 
(3a) of the magnet 2 (3), which simplifies the manufacture and 
reduces the cost- 

(4) The angle between each adjacent pair of the segments 
5a is equal to the slot angle e, which is the angle defined by 
any one of adjacent pair of the teeth 8a. Also, the angle 
corresponding to the contacting width between each brush 6 and 
each pair of the segments 5a is equal to the slot angle e. 

Therefore, when commutation is started, the advancing end 
of the bar of the first tooth 8a is reliably aligned with the 
border of the thin part 2c (3c) and the main portion 2a {3a) 
of the magnet 2 (3) . In other words, when the advancing end 
of the bar of the first tooth 8a is aligned with the border of 
the thin part 2c (3c) and the main portion 2a {3a) of the 
magnet 2 (3), commutation is reliably started. 

A direct-current motor according to a second embodiment 
of the present invention will now be described with reference 
to the drawings. In this embodiment, the direct-current motor 
is a blower motor 11. Fig. 4 is a partial cross-sectional 
view illustrating the blower motor 11. Fig. 5 is a partial 
cross-sectional view illustrating the blower motor 11, when 
commutation is started. 

AS shown in Figs. 4 and 5, the blower motor 11 includes 
two magnets 12, 13, an armature 14 and commutators 15, and a 
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pair of brushes 16- 

The blowe. mcto. 11 is a bipolar direct-currant .notor and 
„„tor housing yoke 17. The magnets 12, 13, "hloh form a 
. : e ar: sL'th pole. .ace each other with the ar^ture 

1 in Ltween. The .agnets 12, 13 are sy^netrical «ith 

. t» the center of the armature 14. Therefore, tor 
:::: s f iUrstration, the structure related to the ^gnet 
U^ll be described. The armature 14 includes a core 18 and 
.„ cLrs » wound about the core 18. To rotate the armature 14, 
current is supplied to the coils 19. 

it 3 

i The armature core IS has teeth IB., the nun^er of which 

W ,3 .„elve in this e»bodi»e„t. Also, the number of the coils 

"i ^s . il twelv. in this e»0=odi«e„t. Each tooth 18. has a bar at 
S the distal end. The tooth bars extend in the ci--^--'"^ 

° direction, m this e^odiment. each consecutive ive teeth 

U le, form a group, and there are «el.e groups o t te th 
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rm a groufcj, . 

18a specifically, any one of the teeth 8. rs located at the 
"si adLcing position in the rotation direction rn one of 
te th ^rols, and the tooth ISa at the second advancrng 

position in this group is also LTef ". as 

the next group, m this manner, each tooth IB. 
the most advancing tooth to the most trailing tooth 18a, or 
the first to fifth tooth IBS. in five consecutive teeth 
groups Bach coil 1. is wound about one of the teeth groups. 

^ 4-v,o r-nils 19 are shown in Fig- 4- 
Only two of the coxJ-s x:? 

The twelve teeth IBa are spaced apart by thirty-degree 
30 intervals. Therefore, the pitch of the teeth IBa. or the 
arlure slot angle 8, is 30' ,30--360V12, . Th.s wrnd.ng 
structure is referred to as distributed winding. 

.ne co™.utator IS is located at one side of 
3, 14 and Includes twelve segments 15a. «ch segment 15a forms 
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pair with the adjacent segment 15a, and there are twelve pairs 
of the segments 15a. The segments 15a in one of the pairs are 
connected to the terminals of the corresponding coil 9, 
respectively. The brushes 16 are urged to contact the 
commutator 15. A direct-current power supply (not shown) 
supplies direct current to the brushes 16. The current flows 
to the coils 19 through the brushes 16 and the conunutator 
segments 15a, which starts rotation of the armature 14. When 
a pair of adjacent segments 15a contacts one of the brushes 
16 a short circuit is established between these segments 15a, 
which changes the flowing direction of current in the coxls 
£ 19 Therefore, the armature 14 continues rotating 

S counterclockwise, or a direction of arrow Y in the drawing. 

H Since the twelve segments 15a are spaced apart by thxrty- 

S 15 degree intervals, the current direction through each cox 19 
i is changed in a thirty-degree rotation of the armature 14 

^ relative to the brushes 16. That is, commutation of the coxls 

U 19 is performed in a thirty-degree rotation of the armature 

E 14 m this embodiment, the angle between each adjacent pair 

5 20 Of' the segments 15a is equal to the angle e between each 
e adjacent pair of the teeth 18a. The angle that corresponds to 

^ the contacting width between each brush 16 and the segments 

15a is equal to the angle 9. 

25 The magnet 12 (13) has a main portion 12a (13a) and an 

extended portion 12b (13b). The extended portion 12b extends 
in the advancing direction, or forward from the main portion 
12a with respect to the rotating direction of the armature 14. 

30 As Shown in Fig. 4, the circumferential length of the 

.ain portion 12a, 13a corresponds to the slot angle 6 
multiplied by an integer. In this embodiment, length of the 
main portion 12a (13a) corresponds to 120^(46). 

When the circumferential center of the first teeth l8a is 
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aligned with the most advancing end 12f of the main portion 
12a, the most trailing end 12g is aligned with the 
circumferential center of the fifth tooth 18a. 

Referring to Fig. 4, when the circumferential midpoint of 
the first tooth 18a and the tooth 18. that i. located at the 
advancing side of the first tooth 18a is aligned W.th the 
.order of the most advancing portion.lZf and 

portion 12., the most trailing end 12g of the ma.n PO-^^/j 
L aligned with the circumferential midpoint between the fxfth 
tooth IBa and the fourth tooth 18a. 

■ AS shown in Fig. 4, the circumferential length of the 
extended portion 12b corresponds to the slot angle (the angle 
Of the coLtation) e(30»). The thinness of the extended 

• 12b aradually increases along the rotation d.rectxon. 
portion 12b gradually ^^^^ ^^^^^ ^^.^^ 

That is, the magnet 12 (13) has a xie 

Ta first thin part 12c (13c), between the main portxon 12a 
IS a fxrst tnxn p ^. /nbl In this embodiment, 

(13a) and the extended portxon 12b (13b) . In tn 
the first thin part 12c (13c) is forxned in the extended 
portion 12b (13b) . 

ft ...end »eak flux part, vhich ia . secnd thin part 12<i. 
i3 fo..ea at a location that ia away from t.a ^ 
portion 12i by an a„,le that U a,uai to the slot an e e 
Lltiplled by an integer n™ber n,, or an angle me. this 
:LdLnt, the »oona thin part i. a»ay ----- 
(60') from the most advancing portxon 12f xn the 
Treltion. The second thin part 12d extends in a range of 
30 30«. When.the Circumferential midpoint between the fxrst ^ 

tooth 18a and the tooth 18a that is at the f^// 
the first tooth 18a is aligned with the border of the first 
thL "art 12C and the main portion 12a the second thin part 
12d is aligned with the third tooth 18a. 
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The saccnd thin pa^rt I2d and the first thin part 12c are 
syrr«.<.trical with respect to the rotation direction of the 
armature 14. In other words, the thickness of the second thxn 
part 12d changes in the opposite manner from the thickness of 

5 the first thin part 12c with respect to the rotation direction 
of the armature 14. Specifically, while the first thin part 
12c increases its thickness along the rotation direction of. 
the armature 14 and the flux gradually increases, the second 
thin part 12d decreases its thickness along the rotation 

10 direction of the armature 14 (the flux gradually decreases) . 

The first thin part 12c and the second thin part 12d are 
formed by machining the border of the main portion 12a and the 
extended portion 12b or by machining only the main portion 
15 12a The volume of the material removed for forming the 

second thin part 12d is equal to the volume of the material 
removed for forming the first thin part 12c. 

The relationship between the teeth IB. and the magnets 
12, 13 will now be described with . reference to Fig. 5. 
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When the advancing end of the bar of the first tooth 8a 
is aligned with the border of the first thin part 12c and the 
.ain portion 12a during rotation of the armature 14 as shown 

25 in Fig. 5, one of the brushes 16, which is connected to one of 
the pairs of the segments 15a, starts contacting the adjacent 
segment 15a 1 This starts commutation of the coxl 19. In 
other words, the bar of the first tooth 18a starts contacting 
the first thin part 12c of the magnet 12 at the moment when 

30 commutation of the brush 16 is started. „t this time, the 
advancing end of the bar of the third tooth 18a is aligned 
with the second thin part 12d of the magnet 12. 

When the armature 14 rotates counterclockwise from the 
state of Fig. 5, the flowing direction of current through the 
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coils 19 is changed. That is, commutation is performed. 
During commutation, the thickness of the extended portion 12b 
that faces one of the teeth 18a, or the thickness of the first 
thin part 12c, gradually increases in the commutation section 
angle of 30°. Therefore, the amount of magnetic flux passing 
through the coils 19 during commutation gradually increases as 
the armature 14 rotates. The rate of increase of the flux 
amount also gradually increases. Since the amount of flux 

through each coil 19 changes, the voltage induced in the co:l1 

19 is small at first and is gradually increased negatively. 

The induced voltage cancels the reactance voltage. This 

decreases undercommutation . 

Fig. 6 shows a change {cogging torque) of the racing 
i torque T when the armature 14 rotates by one slot, or by the 
angle e, from the position at which commutation of one of the 
coils 19 is started, or from the 0« position. The change of 
the racing torque T caused by the first thin part 12c is 
represented by a two-dot chain line Al, and the change of the 
0 racing torque T caused by the second thin part 12d xs 

represented by a single-dot chain line A2. Since comutation 
is performed within the angle 9(9-30") of the motor rotation 
and the second thin parfl2d is away from the first thin part 
12c by the angle mG (m is an integer) , the period of the 
5 racing torque T represented by lines Al and A2 corresponds to 
the angle 9(9=30°). Since the second thin part 12d and the 
first thin part 12c are symmetrical with respect to the 
rotation direction of the motor, the racing torque T 
represented by a solid line A2 and the two-dot chain line Al 
30 are sine curves having the opposite changing patterns. The 
change (cogging torque) of the racing torque T caused by the 
first thin part 12c and the change (cogging torque) of the 
racing torque T caused by the second thin part 12d cancel each 
other. Accordingly, the cogging torque acting on the motor 11 
35 is substantially eliminated. 
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The second embodiment has the following advantages. 

(I) The main portion 12a, 13a includes the first thin 
part 12c, 13c and the second thin part I2d, 13d, which is 
spaced from the first thin part 12c, 13c by the angle me 
(m=2) The thickness of the second thin part 12d, 13d changes 
in the opposite manner from the thickness of the first thin 
part 12c, 13c. 

Therefore, during commutation of the one of the coils 19, 
the cogging torque generated by the first thin part 12c, is 
canceled by the cogging torque generated by the second thin 
part 12d. AS a result, the total cogging torque of the motor 
11 is reduced. Thus, the blower motor 11 operates smoothly 
with reduced noise. 

(2) The volume of material removed from the main portion 
12a (13a) for forming the second thin part 12d (13d) is equal 
to the volume of material removed from the main portion 12a 
(13a) for forming the first thin part 12c (13c) . Therefore, 
the cogging torque generated by the first thin part l^c <l3c) 
is substantially equal to the cogging torque generated by the 
second thin part 12d (13d). This structure reduces the total 
cogging torque of the motor 11 substantially to zero. As a 
result, the motor 11 operates smoothly with low noise. 

(3) The total, cogging torque of the motor 11 is 
effectively reduced by simply forming the second thin parts 
I2d, 13d in the main portions l2a, l3a of the magnets 12, 13. 
Therefore, the manufacture of the motor 11 is facilitated and 
the cost is reduced. 

(4) The magnets 12, 13 are symmetrical with respect to 
the axis of the armature 14- Therefore, magnetic flux is 
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generated in a well balanced manner. 

AS described above, the first thin part 12c (13c) is 
spaced frota the second thin part 12d (13d) by the angle me. 
The angle me is referred to as an angle by which the smallest 
flux point of the second thin part 12d (13d) is spaced from 
the smallest flux point of th. first thin part 12c (13c) (the 
border between the main portion 12a (13a) and the extended 
portion l2b (13b)). 

The embodiments of Figs. 1 to 6 may be modified as 
follows. 

The T^otor of the embodiment of Figs. 1 to 3 may be 
modified in a first modification as illustrated in Fxg. 7 
the embodiment of Fig. 7, the length of th* main portion 22a 
(23a) of magnet 22 (23) corresponds to a predetermined angle 
61 The angle 51 is determined such that the most trailing 
end 22e (23e) of the main portion 22a (23a) is aligned with 
the advancing end of the bar of the fifth tooth 28a when the 
circumferential center of the first tooth 28a faces the most 
advancing portion 22d (23d) of the main portion 22a (23a) T 
angle 61 is represented by the following equations w.th- the 

angle 6. 
25 51=eX (n-l-(l/2))+t/2 

=30° X (5-l-(l/2))+t/2 

-105'+t/2 

in the equations, the sign n represents the number of the 
bars of teeth in a teeth group, and the sign t represents an 
30 angle that corresponds to the distance between ^^^^''l' 

end of the bar of a tooth 28a and the advancxng end of the bar 
of the adjacent tgoth 28a. In this embodiment, when 
commutation of one of the coil. 29 is started, the most 
trailing end 22e (23e) of the ^ain portion 22a ^"a) is 
35 relatively away from the circumferential center of the fifth 
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f^cth 28a This reduces the cogging torque of the motor 21. 
rol":;. the .otor 21 operates s.oothi. with iow no.se. 

..e .otor of the en.,odi.ent of Figs. 1 to 3 .ay 

modified in a second modification as illustrated xn F.g 8 
modified m ^ ^^.^ portion 

in the embodimem: of Fig. 8, the 1 g ^ ^ 

+-Q a oredetermined angle oz. 
32a (33a) corresponds to a preae 

L U ..te^inea sue. .... .OS. ^^'^^ ^ ^^^o^ 

52=eX(n-a-(l/2))-t/2 
=30^X(5-l-(l/2))-t/2 

=105«-t/2 ^presents the nuinber of the 

rn the equations, the sxgn n rep 
■ ^ !e«h in one «eth group, and th. sign t rep.es-ts » 
bars of teath xn on ^^^^^^^ 

,„a Of the bar OI ,^odime„., when 

conimutation of one of .he coils 

H 17. I33e) of ..e main portion 32a IJJaJ 
calling e„a '^^^ ,i,,^«r.nti.l center of the fift. 

T.L rlau coggi., .^rgu. of ..e .otor 3i. 

3 irrarngiv.T.: »otor 3. operates ™oo.hl. wit. iow noise. 

„ .he e^oai.en.s of n,s i to 3, J 
circu^-ferentiai length of ,3.a3«, 
be ^.oalflea to correspona to a pre „ ^^e 

30 52<63<51). This »oaifioation has the same 
enboainents of Figs 1 to 3, T ana 8. 

..e embcai.en.s of rigs. 1 to 3, 7 ana «, the ex.ena.a 
.io" ireach .agn« has changing thictoes. .o increase the 
rro :agne.ic flu. passing through each coil. Ho„.,er. 
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each magnet may have the structure shown in Fig. 9. The 
magnet .0 of Fig. 9 has a constant thickness, and the magnetxc 
strength of the nvagn.tic dipole is different at a border A. 
Further, a magnet 50 of an embodiment of Fig. 10 may be used. 
The thickness of the magnet 50 is constant. The orientation 
of the magnetic dipole of the magnet 50 is changed at a border 
B of the main portion 50a and the extended portion 50b. 
Alternatively, a magnet 50 of an embodiment of Fig. 11 may be 
used The thickness of the magnet 60 is constant. A weak 
magnetic material 60d is embedded in a thin part 60c, which is 
located between the main portion 60a and the extended portxon 
60b The embodiments of Figs. 9 to 11 have the same 
advantages as the embodiments of Figs. 1 to 3, 7 and 8. 

The embodiment of Figs. 4 to 6 may be modified as 
illustrated in Fig. 12. m the embodiment of Fig. 12, the 
main portion 72a (73a) of each magnet 72 (73) has three thxn 
parts 72e, 72f, 72g (73e, 73f , 73g) that form the ^^^^"^ 
flux part. The thin part 72e (73e) is spaced from the first 

* TO ii'>.n\ hv 30° (9) . The thin part 72f {73f ) is 
20 thin part 72c (73c) by ty> 

spaced from the first thin part 72c (73c) by 60 (29) . The 
thin part 72g (73g) is spaced from the first thin part 72c 
(73C) by 90' (39). The thin parts 72e, 72f, 72g (73e, 73f, 
73g) are formed by cutting the inner surface of the ma.n 
portions 72a, 73a such that the change of thickness is 
opcosite from that of the first thin part 72c (72d) . The 
V volume of the material removed from the main portxon 72a, 
for forming the thin part 72e, 72f, 72g (73e, 73f, 73g) xs 
equal to the volume of the material removed from the main 
portion 72a, 73a for forming the first thin part 72c, 73c, 
Lch function as the first weak flux part. In thxs case the 
cogging torque generated by the thin parts 72e, 
72g, and 73g is equal to the cogging torque generated by the 
f^rst thin part 72c, 73c. The direction of generation of the 
cogging torques are opposite in a rotation angle range. 



30 



AS a result, the embodiment of Fig. 12 has the same 
advantages as the e«^odiment of Figs, 4 to 6. Also, each of 
the thin parts 72e, 72f. 72g (73e, 73f, 73g) is formed by 
forming a recess that is shallower than that forming the fxrst 
thin part 72c, 73c. This improves the rigidity of the magnets 



72, 73. 
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one of the thin parts 72e (73e) , 72f (73f ) , and 72g (73g) 
^ay be omitted. In this case, the remaining thin parts are 
formed to generate the same cogging torgue as that generated 
by the first thin part 72c (73c) . 

AS shown by single-dotted line A3 in Fig. 6, the change 
of the racing torque X (cogging torgue) generated by the 
second thin part 12d (13d) of the embodiment shown xn F.gs^ 4 
to e .ay be smaller than the cogging torgue generated by the 
fi„t thin part 12C (13C). Similarly, as shown by Ixne A3, 
the Change of the racing torque T (cogging torque) generated 
by the thin parts 72e, 72f, 72g (73e, 73f , 73g) of the 
embodiment shown in Fi.. 12 may be smaller than the coggxng 
tlque generated by the first thin part 72c (73c). In these 
casL the total cogging torque applied to the motor xs not 
eliminated. However, the cogging torque is reduced. 

in the embodiment of Figs. 4 to 6, the second thin part 
12d (13d) is formed in the main portion 12a (13a) and is 

predetermined angle 29 (m=2) . However, the second ^J^- P - 
, I2d (13d) may be separated from the first thxn part 12c (13c) 
by the angle e(m=l) or by the angle 3e(m=3) . 

in the embodiments of Figs. 4 to 6, and 12, the second 
weak flux part of the magnet 12 (72) and the second weak flux 
5 part of the magnet 13 (73) are spaced from the correspondxng 
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weak flux part of the magnet 12 (72) ana tne 
part of the magnet 13 (73) may be spaced from the 
corresponding first weak flux.part by different angles. 

in the etabodiments of Figs. 4 to 6, and 12, the magnets 
12 (72) 13 (73) may be replaced by magnets having a const.ant 

hi Kn ss n this case, the first and second weaK flux parts 
TrTZL by varying the magnetic property of the magnetic 
dipole or the direction of the magnetic dipoles. 
Alternatively, to make the thickness of the magnets 12 (72), 
r nifo-. -k magnetic material may be embedded in the 

iecesses forming the first and second weak magnetic parts. 
These modified embodiments have substantially the same 
advantages as the embodiments of Figs. 4 to 6, and 12. 

xn the embodiments of Figs. 4 to 6, and 12 the main 

12a (72a) 13a (73a) corresponds to the slot angle 9 
portxon 12a (72a), J ^^^,^0') . However, the main portion 

mnitiDlied by an integer ^^"^ > 

12. n a) 13a ,73a, may correspond « the slot angl. 9 

''2°'' , , The sign n represents the n-mter 

multiplied by (n-l-ll/2)). The sign p 

teeth m a teeth group. For example, if the n is fxve 
. ..e angle e Is thirty degrees, the main port.on a H a 13a 

,73,, corresponds to the 30' multiplied by (5-l-<l/2) 3.5), 
25 105- . This modified embodiment reduces the cogging torque 

generated in each thin part. 

The main portion 12a (72a, , 13a ,73a, may correspond to 
the Slot angle e multiplied by ,„-!- ,1/2, ±t/2, . The sign n 
30 . reprlsents Le number of the teeth in a teeth group, and the 

gn t represents the angle defined by the trailing end of the 
bar of a tooth and the advancing end of the bar of the 
subsequent tooth. 
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in the above embodiments, recesses are formed in the 
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inner side of each magnet to form a weak flux part. Weak flux 
parts may be formed by removing part of the magnet from the 
outer surface. For example, in an embodiment of Figs. 13(a) 
and 13 (b), a recess 82b is formed in the outer surface 82a of 
an arcuate magnet 82. When forming the recess 82b, or the 
weak flux part, to the loagnet 82, the outer surface 82a is 
machined. Therefore, the operation range of a cutting tool is 
not limited and the machining is facilitated. Also, since the 
sidewalls 82c of the magnet 82 remain, the strength of the 
part corresponding to the thin part is increased. 

The number of teeth may be more than or less than twelve. 
The number of the teeth in one teeth group may be more than or 
less than five. 

The present invention may be applied to a motor other 
than a blower motor. 

Therefore, the present examples and embodiments are to be 
considered as illustrative and not restrictive and the 
invention is not to be limited to the details given herein, 
but may be modified within the scope and equivalence of the 
appended claims. 
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